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Assessing Wind Resources

Determining accurately the wind resource is critical:
Wind resources

« Wind speed, U [m/s]

« Kinetic Energy flux, P = ¥2pU3 [W/ m?]

* AU of 10% (e.q. U=10.0+/-1m/s)——> AP Oof 30%0

Energy in wind
P=1 U3 [W/ma)
- " - '\: -3

~. Wind speed
e U [m/s]

Wind speed [ms-1]

We use the
measuring
station to assess
energy in the

wind |
[0 e, ¢ 415 mn CI0I8 90 00 201 ” s, alglx ) ) Distance from coast [km]
T e s e Determine the wind resource:
| We use models
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Wind Atlas South Africa

Regional wind climate WP5: Extreme
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Wind Atlas South Africa

Generalized annual mean wind speed [m/s]
(30-year climatology)

WP1: Meso-scale modelling

Downscaling
1. KAMM
2. WRF

¢Surface Roughness¢
Surface topography
Observations

Reanalysis

Global

roject

Generalized annual mean wihd power density [W/m?]
(30-year climatology)
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What is downscaling and why downscale..?

Global Climate Model resolution

5o

Downscaling!

s

Use mesoscale
models to do the

14 1%

downscaling:
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1. Downscaling with KAMM...

- "Steady-state” simulations from 100+ wind situations (initial conditions)
- Each initialized with a single vertical representation of the atmosphere
- Boundary conditions: uniform land and sea temperatures
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This produces a Generalized wind climate
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Westem Cape and parts of Eastern and Northern Cape

Google eart
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This produces a Generalized wind climate
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Now we have a Wind Climate

Mesoscale results

Google earth
L
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Verification

Wind rose verification
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Boxed wind roseS derived from observation, unboxed derived from KAMM/WASP.
i 0 South Africa project g CSAG_ ! DoE - SANEDI 11 December 2012
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Verification

Wind speed verification

generalized annual mean wind speed at 100m, z0=3 cm [m/s]

Met mast OBS Wind Climate NUM Wind Climate Error [%] Configuration
1 6.16 5.33 -13.47 SAS050_m7
2 6.62 7.01 5.89 SAS050_m7
3 7.19 6.63 -7.79 SAS050_m7
4 7.33 7.19 -1.91 SA2050 02
5 8.99 8.35 -7.12 SA2050 02
6 7.44 7.24 -2.69 SA2050_02
7 7.45 6.61 -11.28 SA2050_02
8 7.71 7.66 -0.65 SA2050 02
9 7 £ 7.58 1.07 SA3050 03

10 6.32 6.09 -3.64 SA3050_03
mean error -4.16
mean absolute error e

Uncertainty characteristics are in line with state-of-art.
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Wind Resource

Overstrand
Mesoscale and micro-scale results -> Resource Grid
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2. Downscaling with WREF...

- "Sequential” simulation that provides time-series for each grid point

- Initialized with a 3D state of the atmosphere

- Boundary conditions: interactive land + time-varying sea surface
temperatures
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For Example......

Geography of Cape Town

Signal Hill
iLionfs Head

evil’s Peak

Constantia Nek Manenburg

| 2SI 1oickenberg Tornado!

Aonstar;tiaberg
1& &8 1B.42E 18.45E
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Examplellllll
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Height of the vortex.....SFC

Gone at 300 meters above ground
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Following the same steps -> *numerical* mesoscale
wind resource map

pd tlas’for'South Africa

Western Cape and parts of ‘Eastern and Northern Cape

Google eartt
C

WASA Wind Atlas for South Africa project DoE - SANEDI 11 December 2012
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3. WASA forecast using WREF...

WRF, DOMAIN 1, Ax=27.0 km
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http://veaonline.risoe.dk/wasa/
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Preliminary WRF work...

Preliminary validation
Oct 2010-Sep 2011

Comparison of measured and simulated
generalized 100 meter wind speed -
October 2010 to September 2011

U Obs U WRF U bias Absolute

(m/s) (m/s) (m/s) Error
WMO01 6.59 6.39 3% 3%
WM02 6.74 7.82 -16% 16%
WMO03 7.32 6.99 5% 5%
WM04 7.40 7.77 -5% 5%
WMOS 8.82 8.50 4% 4%
WMO06 7.56 8.25 -9% 9%
WMO07 7.67 7.00 9% 9%
Mean Absolute Error: 7%

DTU Wind Energy, Technical University of Denmark

NAS! Wind Atlas for South Africa project
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Preliminary WRF work...

Comparison of measured and simulated
62 meter winds at WM01 - Oct 2010 to
Sep 2011 (1 year) Wind speed - Spectra: WMO1

| | 1 1

Winds at 62m - OBS Winds at 62m - WRF 10*
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Excellent representation of
the wind climatology

I | | 1

30 days 1 week 1day 8h
period

Most wind at the diurnal time scale at WMO01

‘IAS' Wind Atlas for South Africa project b ‘CSAC‘S B DoE - SANEDI 11 December 2012
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4. Student development.....

1. Verification of WRF results

2D Histograms of Observed and Forecast 60m winds at
mast 8 under node 7 and the difference
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4. Student development.....
2. Seasonal forecast verification

Forecast (m's)
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4. Student development.....
3. SODAR verification against mast and sonde data

Wind speed: Sodar against

L ‘:“_” Radiosonde (all days)
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Summary....WP1

1.Mesoscale Modelling
e KAMM -> First verified wind atlas for South Africa
e WRF -> Will be the first verified numerical wind atlas
eForecast development

2.Capacity development
eFirst uncertainty wind atlas
e Assessment of seasonal wind forecast
e Testing SODAR

3. Future work
eDevelop the optimal setup for the WRF model
eRun the 30 year simulation

eDevelop the numerical wind atlas
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WASA project web sites

» General information about WASA project
- www.wasaproject.info
- www.saneri.org.za/wind atlas.htm

* WRF wind forecasts are available on
. I . ik /
* CSIR online - display of measured data
- WWW.Wasa.csir.co.za
» WASA met. data download site (monthly files)

- wasadata.csir.co.za/wasal /WASAData
e WASA wind atlas download site NEW!

YAS? Wind Atlas for South Africa project CSAG ® DoE - SANEDI 11 December 2012
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